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DESCRIPTION 

OPTICAL FIBRE WITH LATERAL ELECTRIC FIELDS 

5 This invention relates to a fibre or filament, especially one that is 

suitable for inclusion in a fabric or garment with the aim of producing optically 
detectable effects therein. 

Various methods of producing colour changing, or light emitting fibres 
10 are known. 

One known method uses perforated optical fibres which "leak" light 
through perforations when light is fed into one end of the fibre. 

Other known methods are based on the use of an electroluminophor 
material, which emits light under the influence of an electric field. Such a 
is method is described in UK patent application No. GB 2 273 606 and 
International patent application No. WO 97/15939. The electric field used in 
such methods is created by integrating at least two electrode layers in a fibre. 

A problem with these existing methods is that it is necessary to apply a 
high voltage to the fibres in order to achieve a colour change or other optically 

20 detectable effect. . 

A known arrangement of an existing fibre is shown in figure 1. The fibre 
1 consists of a cylindrical conductive core 2, surrounded by successive outer 
layers 3 to 5. The core is typically made from metal wire e.g. copper wire, and 
functions as an inner electrode or heating element. The electro-optic 

25 substance 3 forms a layer around the core 2 and is sandwiched between the 
core 2 and an outer electrode layer 4. As shown in figure 1a, the fibre may 
optionally include an outer sheath 5, which is at least partially transparent to 
light. 

A problem with existing fibre arrangements is that the outer electrode 
30 layer 4 is typically formed by thin layer deposition processes, which can be 
complex and troublesome. Moreover, the success of the deposition process is 
largely dependent on the mechanical properties of the supporting electro-optic 
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substance 3. thus limiting the number of possible substance combinations. For 
instance, the deposition of a outer electrode layer 4 covering a liquid or gel 
type electro-optic substance layer is extremely difficult to fabricate in practice. 
The optical characteristics of the electro-optic substance are generally 
5 altered by an external stimulus, such as heat, current or an electric field. As a 
consequence of existing fibre electrode layering, electric fields 6 in the fibre 
have a radial topology i.e. the field lines pass between the electrode layers 2, 
4 perpendicularly to the core 2 of the fibre 1. This is shown in figure 1b, where 
the electric field lines 6 can be seen to be passing through the electro-optic 
10 substance layer 3 in radial directions relative to the core 2. 

Another problem with known fibres is that a radial electric field topology 
within the fibres places a limitation on the number of electro-optic switching 
- principles that are possible within the electro-optic substance. This in turn 
governs the changes in optical effects achievable within a particular fibre. 
15 Existing fibres must therefore use increasingly more sophisticated electrode 
layers in order to increase the number of possible switching principles. 

The present invention relates particularly to the field of wearable 
electronics. This field aims at integrating specific functions such as sensing, 
actuating, light emitting, and colour changing into garments. It is particularly 
20 desirable to be able to integrate colour changing properties into textiles for the 
formation of garments, furnishings etc. Such technology could be used to 
make wearable displays, wearable indicators, and also to simply cause a 
change of colour or pattern to textiles for aesthetic reasons. 

It is known to produce a wearable display by interweaving conductive 
25 fibres and fibres containing electro-optic substances. A problem with such 
displays is that the light emitting effect is not integrated into a single fibre. This 
means that the effect is not uniform across the garment or other work formed 
from the fibres. In addition it is necessary to use either two sets of interwoven 
fibres containing conductive elements, or additional conductive layers 
30 deposited on the woven structure. 
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It is an object of the present invention to provide a fibre or filament in 
which the optically changing function is integrated into the single fibre or 
filament, and wherein the change in fibre or filament appearance can be 
actively controlled. 

5 It is another object of the present invention to provide a fibre or filament 

in which the change in fibre or filament appearance can be actively controlled 
by a single electrode layer. 

It is further object of the present invention to provide a fibre or filament 
having a non-radial electric field topology in the fibre or filament. 
10 it is a further object of the present invention to create a fabric from a 

fibre or filament according to the present invention which fabric may be used to 
form, for example, garments or furniture. 

Some or all of these objects may be achieved by embodiments of the 
, . invention as described herein. 

According to an aspect of the present invention there is provided a 

filament or fibre comprising: 

an elongate core having a core axis; 

a substance having at least one electrically modulatable optical 
characteristic, covering at least a portion of the core; and 

an electrical stimulation means adapted to produce an electric field 
extending in a direction substantially parallel to the core axis or in a direction 
extending substantially circumferentially about the core axis, wherein the first 
electric field electrically induces a change in the optical characteristic of the 
substance, thereby changing the visual appearance of the filament or fibre. 



15 



20 



25 



According to a further aspect of the present invention there is provided 
a filament or fibre comprising: 

an elongate core having a core axis; 

a substance having at least one electrically modulatable optical 
30 characteristic, covering at least a portion of the core; and 

an electrical stimulation means comprising a first and a second 
electrode pair adapted to produce an electric field extending in a direction 
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substantially parallel to the core axis or in a direction extending substantially 
transversely to the core axis, wherein the first and second electrodes are 
disposed in the same off-axis plane, and wherein the electric field electrically 
induces a change in the optical characteristic of the substance, thereby 
5 changing the visual appearance of the filament or fibre. 

Other preferred and advantageous features will become apparent from 
dependent claims 2 to 16, 18 to 36 and 39. 

The invention also relates to a garment or textile formed from a plurality 
of fibres or filaments according to any one of the preceding claims. 

io 

Embodiments of the present invention will now be described by way of 
example and with reference to the accompanying drawings in which: 

Figures 1a and 1b are perspective cross-sectional representations of 
fibres known in the prior art. 
15 Figure 2 is a schematic cross-sectional representation of a first 

embodiment of a fibre according to the present invention. 

Figures 3a and 3b are perspective cross-sectional representations of a 
fibre illustrating two different electrode layouts according to preferred 
embodiments of the present invention. 
20 Figures 3c and 3d are perspective cross-sectional representations of 

. fibres illustrating an electric field topology according to preferred embodiments 
of the present invention. 

Figures 4a and 4b are schematic representations illustrating two 
different electrode layouts according to preferred embodiments of the present 
25 invention. 

Figures 5a, 5b and 5c are schematic representations illustrating three 
different electrode layouts according to preferred embodiments of the present 
invention. 

Figure 6 is a schematic representation of a further electrode layout 
30 according to a preferred embodiment of the present invention. 

Figures 7a and 7b are schematic cross-sectional representations of a 
second and a third embodiment of a fibre according to the present invention. 
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Referring first to figure 2, a fibre according to the present invention is 
designated generally by the reference numeral 10. The fibre 10 comprises an 
elongate core 11, preferably formed from an electrically insulating material, the 
core having a core axis. In preferred embodiments, the core 1 1 is substantially 
5 cylindrical in shape and may be formed from a non-conductive flexible polymer 
fibre. Examples of suitable polymer fibres include, but are not limited to, 
polyesters, polyamides, polyacrylics, polypropylenes, vinyl-based polymers, 
wool, silk, flax, hemp, linen, jute, rayon-based fibres, cellulose acetate-based 
fibres and cotton. 

10 In some preferred embodiments, the core 11 may be coated directly 

with a barrier layer (not shown) so as to protect the material of the core 1 1 
during subsequent steps of the fibre manufacturing method. In particular, the 
barrier layer may be selected to be preferably resistant to chemical etchants. 
Hereinafter, references to 'core' are to be taken to include those coated with or 

15 without a barrier layer. 

In a further embodiment the core 1 1 may be formed from a conductive 
material e.g. gold, silver or copper, which is then directly coated with an 
insulating layer. 

An advantage of using polymer fibres is that they are readily available 
20 and have mechanical properties which can be adapted to suit the particular 
fibre requirement e.g. in terms of strength and flexibility. This is to be 
contrasted with conductive metal wires which have only a limited range of 
mechanical properties. Having a core material with a wider range of possible 
mechanical properties is advantageous, since it allows some electro-optic 
25 substances, and combinations thereof, not previously considered suitable to 
be used in the fibre 1 0. 

The fibre 10 further comprises a stimulation means 12 and an electro- 
optic substance 13. The stimulation means 12 is adapted to exert an external 
stimuli on the substance 13 to induce an optically detectable effect. The 
30 stimulation means 12 is electrical in nature and is adapted to supply an electric 
field to the electro-optic substance 13. The electro-optic substance is selected 
so as to have at least one electrically modulatable optical characteristic. 
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In preferred embodiments, the stimulation means 12 comprises one or 
more elongate stimulation layers extending in a direction substantially parallel 
to the core axis, the stimulation layers being substantially coaxial with the core 
11, and spaced at various radii from the core axis. Preferably, the stimulation 
5 means 12 further comprises one or more substance layers, each including the 
electro-optic substance 13. Each substance layer extends in a direction 
substantially parallel to the core axis, the substance layers being substantially 
coaxial with the core 11 and each associated with at least one stimulation 
layer. 

10 In preferred embodiments, a stimulation layer and a substance layer 

surround at least a portion of the core 11. Most preferably, a stimulation layer 
is sandwiched between the core 11 and a substance layer 13. 

In other preferred embodiments, the substance layer may be 
sandwiched between the core 11 and a stimulation layer 12 which is at least 
15 partially transparent to light. 

It is to be appreciated that although the preferred embodiments are 
. directed to a fibre 10 having a substantially cylindrical shape, this is not 
intended to be limiting, and the fibre 10 of the present invention may include 
other geometrical cross-sections and configurations. In particular, the fibre 10 
20 of the present invention may also be in the form of a flat or ribbon-type fibre. 

Hence, any references herein to "fibre", "filament", "layer" or "core- 
should not be taken to be limited to cylindrical geometries. Moreover, a "core" 
of a flat or ribbon-type fibre may be taken to include a base layer. 

In preferred embodiments, the electro-optic substance 13 may consist 
25 primarily of conventional low molecular weight liquid crystal material, and 
combinations of low molecular weight liquid crystals and polymers. These 
polymers may consist of flexible polymers, side-chain liquid crystal polymers, 
main-chain liquid crystalline polymers, isotropic or anisotropic networks, 
dispersed polymer particles, and combinations thereof. 
30 Alternatively, the electro-optic substance 13 may consist primarily of 

optionally coloured spherical or cylindrically shaped particles. The particles 
may optionally carry a charge and may be suspended in a carrier such as a 
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liquid. Furthermore, each particle may comprise additional sub-particles, such 
as coloured polymer microcapsules, optionally suspended in a second carrier. 
In another example, coloured particles, e.g. colourants or pigments, may be 
used that are dispersed in an aqueous solution and that demonstrate a colour 

5 change upon reversible volume phase transitions in response to external 
stimuli (see for example, 'Polymer gel light-modulation materials imitating 
pigment cells', Akashi, R. et al., Adv. Mater., 14 (24), 2002, pg 1808). 

In yet another alternative, the electro-optic substance 13 may be any 
known inorganic or organic electro-luminescent material or non-electro- 

10 luminescent carrier material containing electro-luminescent material. Non- 
limitative examples of such a material include phosphors and phosphor 
containing layers. In particular, examples of phosphors are large band gap 
semiconductors, such as ll-VI compounds, rare earth oxides and oxysulfides, 
and insulators. Preferably, ll-VI materials can be used, such as ZnS, SrS, 

15 doped with for instance, but not limited to, Mn, Cu, Eu, or Ce, and their 
respective derivatives. Another alternative is the use of organic (e.g. small 
molecule organic light emitting diode materials or oligomeric or polymeric 
organic light emitting diode materials) or inorganic light emitting diode 
materials. 

20 In other preferred embodiments, the fibre 10 may further comprise an 

outer sheath 15 to protect the electro-optic substance 13 and to provide 
additional stability and support to the fibre 10. Preferably the outer sheath 15 is 
formed from a non-conductive material and is at least partially transparent to 
light. Conveniently, the outer sheath 15 is formed from a flexible polymer. 

25 Referring again to figure 2, preferably the fibre 10 further comprises 

spacer means 14 for maintaining the fibre 10 in a predetermined shape. 
Depending on the nature of the electro-optic substance 13, it can be 
advantageous to include spacers 14 in the fibre or filament 10, particularly if 
the substance 13 has a liquid or gel-like form and therefore will not have a self 

30 maintaining shape. 

The spacer means 14 are preferably formed from a non-conductive 
material, such as glass or polystyrene, and may be in the form of, for example, 
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elongate wires, substantially circumferential wire rings or substantially 
spherical beads. 

Turning to figures 3a and 3b, each stimulation layer preferably 
comprises an array of electrodes 16, 17 comprising a plurality of electrode 

5 pairs. The electrodes are preferably arranged so as to generate a lateral 
electric field 18 in either a direction substantially parallel to the axis of the core 
11, or in a direction extending substantially circumferehtially about the core 
axis, as shown in figures 3c and 3d respectively. In some arrangements, one 
or more electrode arrays may be arranged so as to generate electric fields 

10 which extend both substantially along the direction of the core axis and 
substantially circumferentially about the core axis. This is in contrast to the 
conventional radial, or perpendicular, electric fields used within existing fibres 
(cf. figure 1b). The lateral electric field 18 is substantially confined to the plane 
of the electrodes i.e. a surface field, which in the case of cylindrical geometries 

15 would be confined to a cylindrical surface. The local effective field strength 
depends on the applied voltage, the type and microstructure of substance 13 
used in the fibre, and on the distance from the electrodes 16, 17. Typically, 
macroscopic field strengths are required in the range 0 - 50 V mm-1 , but 
typically 0.5 - 5 V mm-1, for low molecular weight liquid crystal containing 

20 substance layers. The macroscopic field strength increases upon increasing 
content of higher molecular weight liquid crystals, such as liquid crystal 
polymers. In the case of electroluminescent materials the macroscopic field 
strength may be significantly higher, in the range 0 - 500 V mm-1, but typically 
10 -250 V mm-1. 

25 References herein to "lateral electric field", "lateral field" or "surface 

field" are to be taken to include any electric field having directions substantially 
parallel to the axis of the fibre core 11 or having directions substantially 
circumferential about the core axis, irrespective of the magnitude of the field or 
any gradients in the field. 

30 Further, in the case of flat or ribbon type fibre geometries (not shown), 

the plurality of electrode pairs in the electrode array is arranged so as to 
generate a lateral electric field either in a direction substantially parallel to the 
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axis of the core 11, or in a direction substantially transverse to the core axis, 
wherein the electrode pairs are disposed in the same off-axis plane. The 
transverse field is therefore substantially constrained to the off-axis plane and 
has no radial field component passing through the core axis. Hence, 
5 references herein to "lateral electric field", "lateral field" or "surface field" are 
also to be taken to include transverse surface electric fields in flat or ribbon 
type fibre geometries. 

Lateral fields 18 within the fibre 10 are advantageous, since they allow 
some electro-optic substances 13, and combinations thereof, hitherto 

10 previously considered unsuitable, to be used in the fibre 10. The electric field 
direction in the fibre 10 of the present invention enables electro-optic 
substances 13 in the fibre 10 to be electrically stimulated in a non-radial 
direction (relative to the core). This can be particularly advantageous for some 
liquid crystal materials and their switching principles and electroluminophors. 

15 In particular, liquid crystal switching principles that use a so-called in-plane 
switching principle benefit from this design, see for example Principles and 
characteristics of electro-optical behaviour with in-plane switching mode', Oh- 
e, M. et al Proc. of the 15th International Display Research, Japan, 1995, pg 
577) and .'Singe-substrate liquid-crystal displays by photo-enforced 

20 stratification', Penterman et al., Nature, 417, 2002, pg 55). 

For an electrode array covered with a layer of electro-optic substance, 
the electric field will be constrained to the plane of the array, and the local 
effective field strength will depend on the applied voltage, the type and 
microstructure of substance 13 used in the fibre, and on the distance from the 

25 electrodes 16, 17. Generally, substantially the entire volume of substance can 
be switched, as has been successfully demonstrated in, for instance, in-plane 
switching liquid crystal displays, where liquid crystal layers with a layer 
thickness of 0-30 mm are switched (see for example Principles and 
characteristics of electro-optical behaviour with in-plane switching mode', Oh- 

30 e, M. et al Proc. of the 15th International Display Research, Japan, 1995, pg 
577, and , 18.0-in.-Diagonal super-TFTs with fast response speed of 25 msec', 
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Ohta, M. et al., Digest of Technical Papers, SID International Symposium, San 
Jose (USA), 1999, XXX, pg 86). 

Moreover, the lateral fields 18 also allow previously unsuitable switching 
principles to be used with the electro-optic substance 13 of the fibre 10, thus 

5 leading to potentially new aesthetic and creative effects in the visual 
appearance of the fibre 10. 

Further, in conventional switching principles, the exact definition of the 
electrode distance, or cell gap, is of particular importance as the cell gap 
sometimes needs to be tuned with an accuracy of 0.1 mm for an optimal 

10 modulation of the light. By using lateral electric fields 18 within the fibre 10, the 
electrodes 16, 17 need only be arranged in a single substantially thin layer (i.e. 
a stimulation layer) and so it is no longer necessary to have an inner (core) 
electrode and an outer electrode layer held in spaced relation in the fibre.. This 
means an outer electrode layer is not required, and complex deposition 

15 . layering is therefore avoided. 

The stimulation means 12 enables the optical characteristics of the 
electro-optic substance 13 to be controlled via a single stimulation layer only, 
and allows the optically changing function to be fully integrated into the fibre 
10, with more lenient specifications towards the distance between the 

20 electrodes than usually required for conventional switching principles. 

Referring to figures 3a and 3b again, there is illustrated two preferred^ 
arrangements of electrode arrays 16, 17 for use in the fibre 10 of the present 
invention. In figure 3a the electrode array 16 has two sets (shown as black and 
white respectively) of conductive electrode fingers arranged in engaging 

25 alternate adjacent sequence. The array 16 is circumferentially and 
longitudinally arranged around the core 11 of the fibre 10. In an alternative 
arrangement in figure 3b, the two sets of electrode fingers are entwined 
(although electrically isolated from each other) and are arranged helically 
along the direction of the core axis. 

30 In figures 4a and 4b there is illustrated two preferred arrangements of 

electrode arrays 16a, 16b. For clarity these are shown in 2-dimensions as a 
'flat* schematic representation and it is to be appreciated that these could be 
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wrapped around a cylindrical or other geometrical surface as required. In the 
preferred arrangement in figure 4a, the electrode fingers of the two sets of 
electrodes 16a 1, 16a2 have a lateral dimension of typically 5-20 mm, are 
equally spaced, by typically 5-50 mm, and of equal length, typically almost 

5 equal to the fibre diameter, typically 20 mm to several mm, with the central 
'spines' of the electrodes being spaced from each other by at least the length 
of the fingers. In the alternative arrangement in figure 4b, corresponding to the 
electrode array 16 as shown in figure 3a, the spines of the electrodes 16a1 
and 16b1 are preferably arranged so as to be back-to-back. Principally, the 

io minimal dimension of any electrode is only determined by the processing 
method, e.g. lithography, and in this way it is also feasible to produce 
electrodes with a lateral dimension of for instance 50nm, but in practice 
• electrodes with dimensions as described above are preferred as the 
processing is substantially easier and more cost-effective. 

15 it is to be understood that the example electrode arrangements 16a, 

16b shown are not limiting and other suitable configurations which generate 
lateral electric fields may be used in the fibre of the present invention. 

Preferably, the electrodes 16, 17 are of a form known as interdigitated 
electrodes, which are known to be used in some flat 2-dimensional liquid 

20 crystal displays for improving viewing angle (see for example, 'Principles and 
characteristics of electro-optical behaviour with in-plane switching mode', Oh- 
e, M. et al Proc. of the 15th International Display Research. Japan. 1995, pg 
577). 

In preferred embodiments, the array of electrodes 16, 17 is in contact 
25 with the outer surface of the core 1 1 , with the core 1 1 acting as a substrate for 
the array 16, 17. The electrodes may cover substantially all of the outer 
surface of the core 11, or just part of the surface, with the stimulation layer 
being typically 20-200 nm thick. Referring again to figures 3c and 3d, the 
lateral electric field 18 is substantially confined to the stimulation layer, which 
30 in the preferred embodiment would correspond to a surface field substantially 
covering the outer surface of the core 11. The surface field having essentially 
no perpendicular field components. 
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The electrodes may be fabricated in several ways, by using thin layer 
deposition techniques, lithographic methods, X-ray lithography, particle beams 
and other non-lithographic techniques. 

Alternatively, a substance layer may act as a substrate for the array of 
5 electrodes 16, 17, in embodiments in which the substance 13 is sandwiched 
between the core 11 and a stimulation layer 12. In this embodiment the 
stimulation layer would need to be at least partially transparent to light 

The electrode material can be either inorganic or organic and includes, 
"but is not limited to, indium tin oxide, gold, silver, copper, platinum, and their 

10 derivatives, and conductive or semi-conductive oligomers or polymers, e.g. 
polyaniline and thiophene derivatives such a poly(3,4- 
ethylenedioxythiophene): PEDT or PEDOT. Optionally, these oligomers or 
polymers may contain additives to optimise the electrical and thermal 
conductivity, and enhance the lifetime. 

15 In preferred embodiments, the array of electrodes 16, 17 may optionally 

be covered by an overlying coating (not shown). The primary function of the 
coating is preferably to protect the electrodes, since these are by nature very 
fine and delicate. However, the coating may also perform a secondary function 
which includes, but is not limited to, a spacing layer, an adhesion layer, a 

20 barrier layer, a sealing or covering layer, a UV shielding layer, a polarising 
layer, a brightness enhancing or perception improvement layer, a colouration 
layer, a conductive or semi-conductive layer, a channelling layer, an additional : 
electrode layer, a dielectric layer or any combinations thereof. 

The lateral electric field 18 generated by the array of electrodes 16, 17 

25 exerts an electrical influence on the portion of electro-optic substance 13 
associated with the electrodes. The portion of the substance defines a 
switchable volume in the electro-optic substance 13 which corresponds to a 
switchable area on the outer surface of the substance 13. Hence, by selecting 
arrays 16, 17 of different sizes, part or all of the fibre 10 may be switched to 

30 produce detectable optical effects in the fibre appearance. 

Patterned switching effects may be produced in the fibre 10 by the 
preferred arrangements of electrode arrays 16c, 16d and 16e as shown in 
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figures 5a, 5b and 5c. In figure 5a, the electrode fingers are made to vary in 
length along the array 16c. Preferably, the variations in length may be 
randomly distributed, or else are cyclically repeated throughout the array 16c. 
By varying the lengths of the electrode fingers, it is possible to produce 
5 variations in the lateral electric field 18 within the array 16c, which produces 
variable switching effects in the portion of the substance in the vicinity of the 
electrodes. 

More complex patterned switching effects may be achieved by varying 
the sequence of the electrode fingers, and the spacings therebetween. In 

io figure 5b, there is shown a preferred arrangement in which one or more 
electrode fingers have been omitted from the interdigitated sequence of 
fingers. By omitting electrode fingers, discontinuities in the lateral electric field 
18 are generated along the array 16d, which render the corresponding 
portions of the electro-optic substance 13 unswitchable at the locations of the 

15 discontinuities. Hence, by selecting which electrode fingers to omit during 
fabrication of the electrodes, variable optical effects may be produced in the 
visual appearance of the fibre 10. 

If the spacings between adjacent electrode fingers are varied as shown 
in figure 5c t an intensity gradient switching effect may be produced along the 

20 array 16e. In this way, it is possible to produce greyscale and optical 
graduation effects in the electro-optic substance 13 either along a direction 
parallel to the core axis or circumferentially about the core axis, or both. Fibres 
10 with the ability to exhibit intensity gradients are of considerable interest to 
the textile industry, especially to fashion designers seeking to incorporate 

25 electro-optic fibres into textile designs. 

In a further preferred arrangement of electrodes, as shown in figure 6, 
the electrode fingers of a given set of electrodes are segmented into groups 
16f1...16f4. An advantage of this arrangement is that the groups 16f1...16f4, 
can be individually addressed and switched, thereby allowing greater control 

30 over the patterned switching in the fibre 10. Individual addressing of electrode 
groups 16f1...16f4 provides further opportunities to produce interesting and 
aesthetically appealing optical effects. It should be noted, however, that 
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although the example illustrates four groups 16f1...16f4 each of four electrode 
fingers, this is not limiting and it is to be understood that other arrangements of 
segmented electrodes are possible. 

Referring to figure 7a, there is illustrated another preferred embodiment 
5 according to the present invention. In this example the electrical stimulation 
means 12 comprises a plurality of separate electrode arrays, each array 
covering a respective part of the outer surface of the core 11. The respective 
parts may be substantially equal in area, or else are variable in size. Preferably 
either some or substantially all of the outer surface of the core 1 1 may be 
10 covered by the plurality of electrode arrays. 

Alternatively, the plurality of separate electrode arrays may reside on 
top of the electro-optic substance 13, with the substance 13 substantially 
. . surrounding the core 1 1 of the fibre 1 0. 

The plurality of electrode arrays are electrically isolated from each 
15 other, and each is preferably able to switch a corresponding portion of the 
electro-optic substance 13. Preferably the plurality of electrode arrays may be 
switched independently, or else in conjunction with one or more others. 

Preferably the plurality of electrode arrays are arrays of interdigitated 
electrodes. 

20 In the embodiment shown in figure 7a, the fibre may further comprise an 

outer sheath 15 to protect the electro-optic substance 13 and to provide 
additional stability and support in the fibre 10. Preferably the outer sheath 15 is 
formed from a non-conductive material and is at least partially transparent to 
light. Conveniently, the outer sheath 15 is formed from a flexible polymer. 

25 Referring again to figure 7a, the fibre may further comprise spacers in 

the form of spacer wires 14. The spacer wires 14 ensure the existence of a 
well-defined thickness to the layer of electro-optic substance 13. This may be 
necessary since the substance 13 has liquid or gel-like properties and 
therefore has no fixed shape. The spacer wires are preferably entwined 

30 around the core 1 1 (overlying the plurality of electrode arrays), and have a wire 
diameter of approximately 20-200pm. Alternatively, the spacer wires may be 
in the form of separate substantially circumferential wire rings disposed either 
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randomly, or at predetermined intervals, along the length of the core. The 
spacer wires 14 should be non-conductive to prevent short-circuiting of the 
electrode arrays. 

Alternatively, the spacers 14 are in the form of substantially spherical 

5 spacer beads positioned in the electro-optic substance 13. The diameter of 
each of the beads 14 is substantially equal to the desired thickness of the 
substance 13, which in this example is around 5-50pm. The spacing beads 14 
should be non-conductive, to prevent short-circuiting of the electrode arrays. 
The beads may either be incorporated within the substance 13, or may be 

10 deposited directly onto the outer surface of the core 1 1 along with the plurality 
of electrode arrays. 

Referring to figure 7b, there is illustrated a further preferred embodiment 
according to the present invention. In this example, the fibre 10 comprises two 
substance layers 131, 132 and two stimulation layers 121, 122 at different 

15 depths within the fibre 10. All of which overlie a non-conductive core 11. 

Preferably one or more electrode arrays are in contact with the outer 
surface of the core 11, which arrays are then overlaid with a first electro-optic 
substance. The electrode arrays in contact with the core 11 preferably control 
the switching of the substance in the first substance layer 131. The fibre 10 

20 further includes -a central sheath 151 to provide structural support and stability 
in the fibre 10. The central sheath 151 is preferably formed from non- 
• conductive material and is, at least partially, transparent to light. Conveniently, 
the central sheath 151 is formed from a flexible polymer. 

The outer surface of the central sheath 151 preferably acts as a 

25 substrate for one or more further electrode arrays which are then overlaid with 
a second electro-optic substance. The electrode arrays in contact with the 
central sheath 151, preferably control the switching of the substance in the 
second substance layer 132. The fibre 10 further includes an outer sheath 152 
to provide further structural support and stability in the fibre 10. The outer 

30 sheath is preferably formed from non-conductive material and is at least 
partially transparent to light. Conveniently, the outer sheath 152 is formed from 
a flexible polymer. 
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Preferably the first and second substance layers 131, 132 may include 
the same electro-optic substance or else include different electro-optic 
substances. However each is selected to have at least one electrically 
modulatable optical characteristic. The substances in the layers 131, 132 may 
5 be switched simultaneously or else be switched independently. 

An advantage of having two or more substance layers 131 , 132 at 
varying depths within the fibre 10, is that interesting and aesthetically 
appealing optical effects can be produced in the appearance of fibre 10, e.g. 
varying colour effects. In particular, switching one or more substances in 
10 layered configurations can give a 3-dimensional 'feel 1 to the fibre 10. 

Alternatively, the central sheath 151 may be omitted, and the one or 
more further electrode arrays can be arranged on the outer surface of the first 
substance layer 131. In this arrangement, the substance in the first substance 
layer 131 may be switched either by the electrodes on its outer surface, or the 
15 electrodes on the core 11, or by both. The outer electrode arrays are 
preferably at least partially transparent to light. 

It is important to appreciate in the embodiment shown in figure 7b, that 
the lateral electric fields 18 generated in the fibre 10 are substantially confined 
to their respective stimulation layers i.e. surface fields, and do not radially pass 
20 between the different layers of the fibre 10. 

Referring again to figure 7b, the fibre 10 may further comprise spacers 
14 in the form of spacer wires in the first and/or second substance layers 131, 
132. The spacer wires are preferably entwined around the preceding layers to 
the substance layers 131, 132 and have a wire diameter of approximately 20- 
25 200pm. Alternatively, the spacer wires are in the form of separate substantially 
circumferential wire rings disposed either randomly, or at predetermined 
intervals, along the length of the preceding layers. The spacer wires should be 
non-conductive to prevent short-circuiting of the electrode arrays. 

Alternatively, the spacers 14 may be in the form of substantially 
30 spherical spacer beads which are either incorporated within the electro-optic 
substances 131, 132 or deposited directly onto the outer surfaces of the layers 
preceding the respective electro-optic substances 131, 132. The diameter of 
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each of the beads 14 is substantially equal to the desired thicknesses of the 
substance layers 131, 132, which in this example is in the range of 5-50|jm. 
The spacing beads should be non-conductive to prevent short-circuiting of the 
electrode arrays. 

5 It is to be understood that other fibre combinations are possible, such as 

a plurality of substance layers and a plurality of stimulation layers, arranged in 
various layered configurations within the fibre 10. 

Other embodiments are intentionally within the scope of the 
accompanying claims. 
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